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IjPollovliv?  is  a  translation  of  an  article  by 
Sh.  A.  Bezverkhnly,  A*  L*  Osherovlch  and  S* 

F.  Rodionov  entitled  "Potoelektrlchesklye 
ozonometry”  (English  version  above),  In 
Mezhdunarodnyy  Geoflzlcheakly  God.  Sbomlk 
statey  1  materlalov,  Izadatel* stvo  Leningrad^ 
skOKO  IMlverslteta,  Leningrad,  I960,  pp* 

8I-IO4J 

The  Investigation  of  atmospheric  ozone  is  one  of 
the  basic  problems  of  atmospheric  optics.  This  Is  es¬ 
pecially  true  of  the  Investigations  made  according  to 
the  prograni  of  the  International  Geophysical  Xear  and 
being  continued  at  the  present  time.  This  is  explained 
by  the  role  which  ozone  occupies  in  the  physical  pro¬ 
cesses  of  the  stratosphere  and  its  value  as  an  effective 
means  of  study  of  the  raacrocirculatlon  processes  at 
great  heights.  The  slow  development  of  ozonometrlc 


obserratlons  correBponds  neither  to  the  importance  of 
the  probl«n  nor  to  the  general  development  of  vork  on 
inveatlgatlon  of  the  uiqper  layers  of  the  atmosphere. 

About  100  oBonometrle  stations  have  been  put  in  operation 
with  the  start  of  the  Third  IGY  on  all  the  continents, 
including  Antarctica.  Nine  stations  were  organized  in 
the  Soviet  Union  in  1957*  six  of  which  have  been  Included 
in  the  international  exchange  of  ozonometric  data. 

The  task  of  the  Soviet  stations  is  the  measurement 
of  the  total  ozone  content  of  the  atmosphere  over  a  given 
station  and  obtaining  data  which  will  enable  calculation 
of  itO' vertical  distribution.  Various  instruments  are 
being  used  by  us  and  abroad  for  this  purpose,  based  on 
electrophotometric  methods  of  measuring  more  or  less 
broad  segments  of  the  spectrum  of  extraterrestrial  light 
source^  ■> 

In  this  paper  we  will  consider  the  basic  (from  our 
point  of  view)  systems  of  ozonometers  and  some  new  variant 
of  the  instruments  which  make  it  possible  to  proceed  to 
a  higher  level  of  precision  and,  especially,  of  simpli¬ 
city  of  measurement.  In  addition,  certain  questions  of 
method  which  are  of  practical  interest  for  modem  ozono- 
metry  are  considered  in  this  article. 

The  principle  of  the  indirect  determination  of  ozone 


content  in  the  ataospbier#. 


X  .  fx^dh 

vhezre  Is  the  ozone  content  per*  unit  of  hei^^t  h  , 
consists  in  measuring  the  spectral  intensity  Zj^  of 
radiation  of  any  extraterrestrial  light  source  with 
emission  within  the  Hartley  (X)  (2150-326oi) »  Huygens 
(II)  (3200-36001)  •  Shannon  (III)  (4500-6500i)  and  the 
Infrared  hand  of  O3  absorption* 

As  is  known* 


ter.  la  the  lafnalty  of  »onoehrom.tle  rodlatlon  at 
the  boundary  of  the  atmosphere;  X  is  the  decimal  ab¬ 
sorption  coefficient  of  ozone;  is  the  relay  dispersion 
coefficient;  Y  absorption  coefficient  of  O^t 

H2O*  CO2  and  other  gases  contained  in  the  atmosphere; 

A  is  the  coefficient  of  dispersion  in  aerosols;  m  and 
M  are  the  so-called  relative  masses  of  ozone,  the 
atmosphere  and  aerosols  respeotiyely  in  the  direction 
of  the  sun  (moon  or  star)* 

Measurements  in  bands  (II)  and  (III)  have  usually 
been  made  with  spectral  optical  systems  of  double  reso¬ 
lution*  (The  iMseibility  has  recently  been  shown  of 

the  density  of  the  ozone  layer  with  thermo- 
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•leetrlc  devicet  CaetlnoBeters  in  the  Shannon  bands  (1^). 
Beoauae  of  weak  absorption  within  band  (III)  (  ^  10”^ 

om*^)  and  the  dependence  of  the  value  of  A  on  the  temp> 
erature  in  bands  (ll)»  the  long  wave  region  (X)  of  the 
band,  where  8(  is  in  the  ox^er  of  1  is  usually  used 

for  measurement  of  The  values  of^,A  and  M  are 

normalised  ao  that  they  equal  unity  at  the  zenith  dis¬ 
tance  Z  -  0  of  extraterrestrial  li^t  so\]reeB« 

Measurements  of  ixltraviolet  radiation  of  extra¬ 
terrestrial  light  sources  (in  particular,  of  the  sun) 
in  region  (I)  of  the  band  encounters  a  number  of  diffi- 
ctiltles  caused,  basically,  by  the  following  factors. 

a)  in  the  long  wave  region 'of  the  Bartley  band 

the  Intensity  of  the  measurable  radiation  falls  rapidly 
with  decrease  in  ^ 

b)  the  intensity  of  radiation  in  the  region  2850- 
3200  X  during  measurements  on  the  surface  of  the  earth 

is  sharply  reduced  (approximately  by  half)  during  transi¬ 
tion  from  small  to  large  zenith  distances  of  the  sun; 

c)  during  measurement  of  a  narrow  segment  of  the 
spectrum  with  an  optical  system  there  Is  always  danger 
of  admixture  of  ll^t  of  large  wavelength  dispersed 

in  the  system; 

d)  the  relatively  rapid  motion  of  the  sxin  (especiall; 


at  the  horizon)  oalls  for  rapid  registration  of  change 
in  radiation; 

Taking  into  oonaideration  that  in  the  wavelengths 
corresponding  to  the  edge  of  band  (I)  there  ia  rapid  in¬ 
crease  in  absorption  (for  example,  K2808.0  ^3037 .5  • 

I6.4}  with  decrease  in  X,  and,  on^the  other  hand,  there 
is  an  equally  rapid  decrease  in  intensity  of  radiation 
in  the  solar  spectrum,  it  becomes  evident  that  in  using 
photographic  photometry  the  exposure  for  this  region  of 
the  spectrum  should  be  calculated  in  some  tens  of  minutes* 
The  spectrophotcMnetrie  method,  in  which  the  intensity 
is  measured  with  different  photoelectric  indicators,  is 
more  oomplete  and  accurate  for  determining  the  value  of  x* 

Photoelectric  ozonometers  can  be  provisionally 
classified  into  two  groups;  instruments  of  the  observatory 
type  (usu  \ly  a  complex  system  of  double  spectral  reso¬ 
lution)  and  instruments  of  a  broad  network  of  stations 
(with  a  simpler  optical  system,  for  example,  with  a 
light  filter). 

The  first  group  includes  a  spectrometer  with  photon 
counter  [s],  the  Dobson  spectrophotometer  [3]  and  its 
improved  variant  [4,  5J,  as  well  as  other  spectro¬ 
photometers  [6j*  In  the  second  group  are  instruments 
of  the  type  described  in  (j-nJ  *  ozonometers  t2-13] 


and  an  osonograph  ^4]* 

At  the  present  tine  the  most  widely  distributed 
laboratory  type  of  instronent  is  the  Dobson  spectrophoto¬ 
meter  %rith  a  photmnultiplier  [4^  sj  •  Ihe  Dobson  type 
of  instrument  has  the  following  meritss  a  comparatively 
high  mono ehromatisat ion  of  the  radiation  measured;  the 
possibility  of  measuring,  with  a  single  instrument,  by 
the  known  method  of  "blinking*  [isj  •  the  ratio  of  the 
intensities  of  two  luminous  fluxes* 

The  equipment  is  efflolent  if  its  light  characterls- 
tios  are  linear  and  the  sharpness  of  its  amplitude 
characteristics  in  the  region  of  email  signals  is  great 
eno\igh.  Both  in  the  Dobson  instrument  and  in  the  variant 
of  the  instrument  improved  by  two  of  the  authors  [aJ  a 
mechanical  synchronous  detector  was  used  to  narrow  the 
band  f  the  transmitted  frequencies.  In  it  the  amplitude 
and  light  characteristics  of  the  instrument  were  linear. 
VIhen  alternating  current  is  pres^Ext  at  the  point  of  ob¬ 
servation  of  the  network  it  is  efficient  to  strengthen 
the  signal  of  the  photomultiplier  with  a  selective 
amplifier  (a  double  "T”  filter  on  RC  in  the  negative 
feedback)  and  use  an  electronic  synchronous  detector* 

The  power  supply  of  the  synchronous  motor  for  the  light 
modulator  and  synchronous  detector  is  from  a  single 


generator  (for  example.  In  the  elmplest  case  from  an 
alternating  current  network).  A  block  diagram  of  such  an 
arrangement  Is  given  In  Figure  1.  (K.  M.  Suahlnskly  used 
a  similar  amplifying  Instrument  In  Investigating  the 
combined  dispersion  of  light  [idj  and  one  of  the  authors 
Ixfi  in  Investigating  the  luminescence  of  the  night  sky 
In  the  region  of  l-3*^  me.) 

Certain  shortcomings  are  characteristic  of  the  Dobson 
type  of  spectrophotometer* 

a)  an  optical  quartz  wdge  with  a  given  logarithmic 
principle  of  weakening  is  used  in  the  Instrument  to  weaken 
one  o-f 'the  luminous  fluxes.  Making  such  a  wedge  presents 
considerable  difficulty.  In  addition,  the  presence  cf  the 
wedge  Itself  hampers  the  possibility  of  automatic  re¬ 
cording  of  the  results  of  observations  of  direct  solar 
radiation, 

b)  In  avoiding  the  parasitic  effects  of  dispersion 
of  light  in  the  optics,  high-quality  quartz  must  be  used 
In  the  manufacture  of  the  specti*ophotometer,  and  this  Is 
not  always  available. 

It  Is  necessary  to  recall  also  the  comparatively 
lai^e  cost  of  the  Dobson  spectrophotometer.  It  therefore 
became  an  urgent  task  to  develop  ozonometers  of  both  the 
observatory  type  and  instruments  suitable  for  broad 


Fig*  1.  Block  diagram  of  the  photoelectric 
part  of  the  Dobson  spectroi^otometer  with' 
photomultiplier,  selective  amplifier  and 
electronic  synchronous  detector* 

1)  Modulation  disk;  2)  Synchronous  motor; 

3)  Photomultiplier;  4)  Amplifier;  5) 
negative  feedback;  6)  Synchronous  detector; 
7)  Generator;  8)  Hicroammeter* 


Fig*  2*  Optical  and  principal  system  of  ozonograph  with 
diffraction  gratings*  1)  coelostat;  2)  input  slit;  3) 
spherical  mirrors;  4)  diffraction  gratings;  5)  center 
slits;  6)  discharge  slits;  7)  light  filters;  3)  screen; 
9)  photomultipliers;  10)  amplifiers;  11)  three-point 
autCHaatic  recorder* 


/ 


/• 


oEonometrlc  network* 

Ihe  following  requirements  should  be  set  forth  for 
a  laboratory  type  of  ozonometers 

1)  automatic  pointing  at  the  light  soisroe  and  record¬ 
ing  of  the  results  of  obserrations; 

2)  the  possibility  of  narrowing  the  spectral  band 

of  measured  radiation  to  5-6  A*  taking  into  consideration  ' 
the  complex  structure  of  the  Hartley  band  system; 

3)  simplicity  of  design  and,  if  possible,  the  absence 
of  optical  methods  of  compensation* 

One  of  the  authors  (▲.  L*  Osherovich)  has  suggested, 
and  jointly  with  B.  A*  Kiselev  has  accomplished  the  design 
of  an  ozonograph  whidb.  satisfied  these  requirements.  The 
instrument  uses  a  system  of  a  double  monochromator  with 
diffraction  gratings  according  to  B.  A.  Kiselev 
Just  as  5i  the  Dobson  spectrophotometer,  the  optical 
system  separateu  three  segments  of  the  spectrum  with 
wavelengths  Ai  s  3100,  z  3300  and  Xj  z  ^358  X. 

The  instrument  is  designed  for  diffraction  gratings  with 
600  lines  per  mm  (with  a  lined  space  62  X  51  mm)*  The 
linear  dispersion  on  the  discharge  slit  of  the  instrument 
for  the  operating  sections  of  the  spectrum  is  as  follows: 
At  s  3100  X,  d>/dl  s  12.3  i/mm;  order  1; 

At  X2  s  3300  X,  dX  /dl  s  7-8  I/mm;  order  II; 


At  A3  =  4358  t,  dA/dl  r  7.3  t/mm;  order  II} 

There  is  provision  In  the  Instrument  for  mixing  the 
operating  segments  by  spectrum  at  jt  50  X.  The  focal 
distance  of  the  collimator  mirror  is  300  mm. 

The  image  of  the  sun  is  projected  on  the  input  slit 
of  the  spectrophotometer  by  means  of  a  coelostat.  A 
thick  frosted  .^heet  of  quartz  is  placed  in  front  of  the 
Blit  to  assure  more  uniform  illumination. 

Various  automatic  guiding  devices  can  be  used  for 
observation  of  the  moon  and  stars. 

In  order  to  reduce  the  effect  of  scattered  and  re*- 
flected  light  ulthln  the  instrument  the  first  phase  of 
the  spectral  resolution  is  separated  from  the  second  by 
an  opaque  screen  and  the  central  slits  are  shielded 
by  corresponding  light  filters. 

The  intensity  of  the  separable  monochromator  of 
the  three  luminous  fluxes  is  measui^d  by  three  photomul¬ 
tipliers.  The  photocurrents  of  the  multipliers  are 
amplified  by  direct  current  amplifiers  [l9,  2qJ  and 
recorded  by  a  three-point  recorder,  type  EPP-09.  Switch¬ 
ing  in  the  output  of  two  amplifiers  (out  of  three) 
on  a  somewhat  modified  single-current  EPP-09  recorder 


permits  registering  the  relationship  of  the  intensities 
of  the  two  luminous  fluxes  ^2l]  •  In  order  not  to  depart 


in  doing  this  from  a  linear  segment  of  the  range  of  the 
measured  relationships,  calibrating  devices  are  installed 
in  the  grid  circuits  of  the  i^tocurrent  boosters* 

Use  can  also  be  made  of  a  two-filament  photoelectric 
device  with  modulation  of  the  luminous  fluxes  [2^  for 
measurement  of  the  relationship  of  the  intensities  of  the 
luminous  fliixes*  In  our  case  the  modulator  is  set  in 
front  of  the  input  slit  of  the  ozonograph. 

Figure  2  shows  the  optical  scheme  and  principle 
of  an  ozonograph  with  diffraction  gratings.  (The  develop¬ 
ment  of  working  drawings  of  the  instrument  was  done  by 
designer  I.  Gr.  Brusilovskiy.  The  instrument  was  built 
by  the  experimental  workshops  of  the  Scientific  Research 
Institute  of  Physics  of  Leningrad  State  University. )  A 
photograph  of  such  an  ozonograph  is  presented  in  Figure 
V/lthout  f  welling  on  other  attempts  to  create  a  simple  and 
Inexpensive  ozonometer  we  will  examine  the  OFET-3  ozono¬ 
graph  (with  light  filters)  which  we  have  developed  (l^ • 
(The  development  of  working  drawings  of  the  Instrument 
was  done  by  designer  A.  Qol*dfel*d.  A  series  of  OFET-3 
instruments  has  been  made  by  the  experimental  wo^'kshops 
of  the  Scientific  Research  Institute  of  Physics  of 
Leningrad  State  University.)  Instruments  of  type  OFET-3 
were  svipplied  to  the  first  network  of  ozonometrio 


stations  of  the  USSR,  vorklng  according  to  the  ZGY 
program* 

The  07ST-3  la  intended  for  automatic  registration 
of  ultraviolet  radiation  of  the  sun,  sky  and  moon,  data 
about  vhich  is  needed  for  determination  of  the  reduced 
thickness  of  the  atmosi^erie  ozone. 

The  parallactic  arrangement  of  the  instrument  pro¬ 
vides  precise  guiding  of  the  receiving  part  behind  the 
sun  without  leading  the  image  of  the  disk  beyond  the 
limits  of  the  solid  angle  of  the  instrument.  The  CFET-3 
consists  (Figure  4)  of  three  antimony-cesium  photoelement s 
(STsWd  or  STsV-9)»  three  independent  direct  current 
amplifiers  for  6F5  tubes  and  a  three-point  electronic 
potentiometer  of  type  EPP-09,  shunted  by  a  resistance  of 
100  ohms.  The  electrical  circuit  of  the  instrument  is 
given  .'n  Figure  5- 

The  microammeter  in  the  output  circuit  of  the  ampli¬ 
fiers  can  be  used  as  a  voltmeter  for  control  of  the 
constancy  of  the  filament  and  anode  voltage  of  the 
amplifiers  and  the  operating  voltage  of  the  pbotoelements. 

The  amplification  factor  can  be  changed  according  to 
the  power  within  the  limits  of  from  10^  ^  10^  times. 


Table  1  presents  the  values  of  the  amplification 
factors  of  the  amplifiers  of  Instrument  No*  3*  installed 


Fig 


Ozonograph  with  diffraction  gratings 


Fig,  4,  Bloch  diagram  of  OFST-3  ozor.ograph  ^7.ith  light 
filter.  1)  light  filters;  2)  photoelewents;  3)  po\7er 
clock  mechanism  of  parallactic  equipment;  4)  photocurrent 
amplifiers;  5)  three-point  automatic  recording  instru¬ 
ment;  5)  power’  supply  block  of  ozonometer. 


Fig.  5,  Electrical  circuit  of  Of3|nr~3 
ozonograph. 

1)  input  2)  amplifier  ppwer  supplF 

at  the  Abaetuman  laboratory,  for  various  values  of  input 
resista'ice  in  the  amplifier  tube  grid  cireuit,  obtcdned 
by  us  at  T  «  4  IS^’C.  She  power  supply  of  the  instrument 
is  standards  s  V,  D  r  6*3  V  and  2 

60  to  90  V. 


M  kSHaja 


1,6.110*  U«-I0» 

1.67-IO*  1,67. 10»  .1il6.|0»  7JM.I0*  I.SI-IO* 

1,47101  3,55.10*  7j65.1il*  13310* 


Table  1.  Amplification  coefficients  of  the  annllfiers 
of  No.  3  OFET-3,  1)  Values  of  input  reslsta'^.ce  (in 
niilliohms;  ?)  Channel  No, 

For  eacpansion  of  the  dynaiolc  range  In  the  Inatruaent 
It  ie  possible  to  have  a  neutral  weakening  of  the  raeasured 
light  bj  means  of  an  oxidised  or  blackened  braes  grating 

p 

with  a  cell  area  of  0*66  mm  •  The  maximum  £7.plifi~ 
cation  of  the  photoourrent  by*^  10^  times  is  sufficient 
both  for  a  daytime  device  with  photoelonents  and  for  a 
lunar  with  a  photomultiplier. 

The  spectral  characteristics  of  the  radiation  re~ 
c  elvers  aie  given  In  Figxire  6.  The  osonograph  was  de¬ 
signed  in  such  a  way  that  the  radiation  receiver  ie  apart 

I 

from  the  amplifier.  The  block  of  photo elements,  along  , 
with  the  so-called  "arc  of  declination^  to  which  it  was 
firmly  attached,  was  seated  on  the  axis  of  a  pov/er  clock 
mechanism.  Miniature  MChN  clocks  (from  the  Gidrometprlbor 
factory  at  Riga),  improved  at  the  G.  Ya  Akael*rod  Insti¬ 
tute  of  Hydrometeorological  Instrument  Building,  provide 
a  precision  in  guiding  of  0*5'  of  are  per  day  at  an  angle 
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of  coverage  of  the  inetruBesit  of  2-2«5^«  The  elook 
meohanlsn  here  welgha  up  to  2*5  hg«  The  precieion  of 
installation  of  the  block  of  pbotoelements  according  to 
the  declination  of  the  sun  on  a  given  day  of  observation 
is  about  AO"  of  arc* 

Automatlo  closing  of  the  photo shutters  for  5-10 
minutes  during  a  set  period  of  time  (l*5-2*0  hours)  for 
registration  of  zero  readings  can  be  accomplished  by 
means  of  a  special  circuit  breaker  Q253t  using  the  same 
clock  device* 

A  photograph  of  the  parallactic  arrangement  of  the 
OFET-3  is  shown  as  Figure  7*  tJhder  field  conditions  we 
need  a  block  of  anode  batteries  and  six- volt  battery  with 
a  capacity  of  60-100  a/hr*  When  there  is  a  supply  of 
alternating  current  at  the  point  of  observation,  a  recti¬ 
fier  -ith  electronic  stabilization  (tyi)eB  VS-11,  VS-13 
or  VS-16)  can  be  used  for  the  power  supply  of  the  instru¬ 
ment* 

Ve  have  already  pointed  out  that  the  output  sigoal 
was  registered  with  a  three-point  electronic  potentio¬ 
meter,  type  SFF-09  (10  mV  scale;  time  of  passage  of  the 
carriage,  2*5  sec*)*  The  small  inertia  and  the  stability 
of  the  basic  parameters  of  EFF-09  provide  a  smooth 
registration  and  clear  reproducibility  of  results  of 
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Fig.  6,  Spectral  characteristics  of 
the  cathodes  of  antimony -cesium 
photoeleraents  STsV-6  (STsV-y)  and 
the  FEU-13  photomultiplier. 

1)  Spectral  sensitivity. 


obeeryations.  Flsure  8  pree^ats  a  photograph  of  an 
EFP-09  strip  with  a  registration  of  the  Intensity  of 
ultraviolet  radiation  of  the  sun  at  Alma-Ata  at  ten- 
second  Intervale  of  time  for  s  314oS»  X2  s  360oS 
and  X3  8  410ol*  Ihls  frequeney  of  registration  makes 
It  possible  to  average  out  with  eonfidenoe  the  results 
of  observations  In  order  to  calculate  the  reduced  density 
of  the  ozone  aad  Investigate  in  detail  the  structure  of 
variations  In  ozone  In  the  course  of  a  day*  The  results 
of  processing  the  SPF-09  stzdp  of  Figure  8  are  presented 
In  Figure  9» 

Just  as  In  an  ozonograph  with  diffraction  gratings, 
a  standard  light  source  (  tungsben  lamp  with  an  ultra¬ 
violet-transmitting  bulb)  should  be  used  In  work  with  the 
OFET-3  for  controlling  the  constancy  of  Its  parameters# 

Control  measurements  have  been  made  In  conneetlon 
with  the  effect  of  temperature  on  the  spectral  sensitivity 
of  antimony— cesium  photo  cathodes  the  filtration 

of  light  filters  jj27]#  the  amount  of  resistance  in  the 
amplifier  tube  grid  circuit,  etc*  Our  Investigations 
show  that  when  antimony-cesium  cathodes  are  cooled  to 
-71^  they  change  their  absolute  spectral  sensitivity  In 
the  region  of  3000-3300  1  by  l#5-2#0%#  The  temperature 
coefficient  of  the  grid  re&Sstances  should  be  determined 
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Fig.  8«  Specimen  of  registration  of 
the  results  of  measurement  of  the 
ultraviolet  radiation  of  the  sun 
18  September  1957  at  Alma*-Ata, 

and  are  the  intensities 

of  radiation  in  relative  units  using 
light  filters  ^2  and  respectively. 


21 


for  e&oh  Instrument  separatsly. 

The  exponential  lav  (1)  is  fulfilled  with  great 
exactness  Ifs 

1)  the  measurable  radiation  does  zu>t  Include 
emission  of  the  absorbing  medium  in  the  same  wavelength  A  ; 

2}  the  life  period  of  the  excited  molecules  is  net 
great; 

3)  measurement  la  made  of  practically  monochromatic 
light  or  light  limited  to  a  small  enough  spectral  inter- 
val,  within  which  it  is  possible  to  assume  the  decimal 
absorption  coefficient  of  ozone,  the  spectral  intensity 
of  the-  light  sciupoe  and  the  parameters  of  the  measuring 
system  to  be  adequately  constant* 

Investigations  by  S.  I*  Vavilov  I>8}  have  shown 
that  the  Bouguer-Iiambert  law  withstands  the  most  vigorous 
experimental  tests*  Apart  from  the  conditions  indicated 
this  lav  has  no  limitations* 

According  to  existing  ideas,  atmospheric  ozone  in 
the  region  of  the  Hartley  band  does  not  give  fluorescence 
and  absorption  of  solar  radiation  in  this  region  leads 
to  im;^edi8te  dissociation  of  the  ozone  molecules.  But 

] 

serious  difficulties  are  sot  in  applying  (1)  in  ozono-  | 

i 

metry  by  the  need  to  measure  heterochromous  emission, 
especially  in  the  making  photographic  measurement  of 


solar  light  with  the  light  filters  which  mahe  up  an 
important  part  of  the  OFET-3.  It  would  be  useless  to 
seek  precise  proof  by  an  analytical  method  of  the  apcll~ 
cabillty  of  the  Bouguer-Lanbert  law  for  the  type  of  In¬ 
strument  under  consideration.  It  can  be  examined 
graphically,  however;  for  this  purpose  we  present  (1)  in 
logarithmic  forms 

Io*4  — log/di  — (2> 

where  A  is  the  exponent  of  (!)•  It  follows  from  (2) 
that  obtaining  a  straight  line  on  the  coordinates 
(log  I^  ,y4)  Is  a  necessary  and  sufficient  criterion  of 
the  applicability  of  the  method  of  (1)  to  ©tonometry* 

The  problem  has  a  limitations  linear  dependence  can  be 
disturbed  at  large  z^when  the  Forbes  effect  occurs  (for 
mixed  rays),  or  the  effect  of  anomalous  atmospheric 
tranaparv3iicy  for  narrow  spectral  Intervals  ls9,  3oJ. 
and  also  at  other  values  of  depending  on  the  corres¬ 
ponding  weather  conditions.  Work  has  been  done  with  the 
ozonometer  Tmder  various  climatic  conditions  • 
Measurements  have  revealed  excellent  reproducibility  of 
the  linear  analysis  independently  of  the  meteorological 
situation  (but  at  corresponding  atmospherlo-optlcal 
conditions),  and  this  is  clearly  visible  in  Figure  10* 

_ The  corresponding  dependence  for  the  instrument  with 
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PA  - 


FSU-lo  is  givan  in  Figure  11*  The  observations  are 

evidenoe  of  satisfactory  stability  of  the  basic  operating 

characteristics  of  the  instrument,  that  is,  of  the  value 

of  /I  It  must  be  kept  in  mind,  however,  that 
A  ''a 

calculation  of  the  total  ozone  content  in  the  atmosphere 
according  to  (1)  in  the  form  of 

■  'x-**** (Si MS 


can  involve  a  large  error,  in  view  of  the  extreme 
complexity  of  determining  the  value  of  from  direct 
measurements.  In  general  the  Bouguer  straiglit  line  is 
only  an  indicator  of  the  average  atmospheric  transpsroncy 
during  the  period  of  observation.  Therefore,  in  deter¬ 
mining  X  we  have  applied  a  two  wavelength  method  when 

xsxAtX 

.  -A,) 


(4) 

or  a  three  wavelength  method  when 


^  Sf  —  S-h  L  —  lp  _ 

*  (j*!  —  ^)  —  ^(^1  — 


(In  deriving  formulas  (4)  and  (5)  it  was  assumed  that 
-  0,  since  in  the  2900-4500  X  region  of  the  spectrum 
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Fig.  11. 


Dependence  of  log 


=  for  the  FEU-18  photomultiplier. 
('^(Lagodekhi ,  Georgian  5SR,  29  June  1954) 
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the  basic  ocmatltuents  of  alx^oxygen  and  nitrogen  are 
free  of  absorption,  as  are  other  atmospheric  gases)  • 
Here  and  henceforth 


8  s  log 


A 


Iv 


log 


'oA, 


log 


log 


2  ^^2 

The  '^ala88e^  in  the  usual  symbols  have  the  expressions 


• — ;  (s) 


vhere  x^  is  the  oaone  conoentz*ation  in  cq/Iedi;  C  s  ^9  ** 
|i);OSis  tiiie  angle  of  aetronomical  refraction* 

By  assxsning  in  the  given  spectral  inteirval  the 
presence  of  only  normal  dispersion  one  can  consider  the 
masses  of  (6)  and  (7)  not  to  be  a  function  of  v;avelength* 
It  is  therefore  possible  to  use  prepared  tables  to  de¬ 
termine  m  (see  [32]  to  ^  86®  and  ^333  ^®  *9  =  89® )» 
which  have  been  compiled  according  to  the  argument  $ . 

To  determine  the  density  of  the  ozone  by  the  three 
wavelength  method  it  is  expedient  to  use  a  modified 


fonottla  (5) 


JCmA^ 


j*  t«,  -  «,(!  +  Kil 


(V) 


fiex*e  A]! »  A2t  A^  azid  A^  are  asoperlisentally  deterxalnable 
coefflcienta  of  the  ^’llnhlag'*  the  results  of  OFET-3 
me&sureaenta  to  the  Indloatlons  of  a  preoisioxi  ozonometrlc 
instrument,  and  K  is  a  parameter  of  the  instrument  which 
will  be  explained  later* 

One  of  the  advantages  of  fomula  (S')  is  that  'vdxen 
it  is  used  there  la  no  need  to  consider  changes  in  the 
amount  of  relay  dispersion  between  measurements*  The 
molecular  dispersion  of  light  is  considered  constant  for 
a  given  instrument  with  a  value 

K  -  ‘  >*  )*i! " 

Where  n  is  the  refractive  index  of  air  for  wavelengths 

^2  ^3*  ^1*  ^2  ^3  effective  values 

of  the  wavelengths  of  the  spectral  segments  separable  by 
any  optical  ozonometer*  These  values  are  determined  from 
the  expression* 

■  /• 

J 

- .  I 

fff  ' 


In  this  Is  the  effective  spectral  sensitivity  of 
the  Instnoaent  (see  below}*  Fbr  ozonometer  HO*  9 
(Alma-Ata)  E  -  1*785  ^34^*  Calculation  of  the  values  of 
Zq  In  measurements  %dth  the  OFET-3  Instrummit  Is  done 
according  to  time  In  the  usual  form  by  means  of  the 
equation 

cotr.  =»tlnf  slni  +  cos^cot&cos/, 


where  la  the  latitude  of  the  place  of  observation*  S 
is  the  declination  of  the  sun*  t  the  hour  angle  of  the 
sun*  The  values  of  z^  must  be  corrected  for  the  velue 
of  cu  (seo  above)* 

Detoimilning  x  is  facilitated  only  when 
be  assumed*  or  for  the  three  wavelength  method 

A,  »  A,  -  (g) 


th^ 


•*(•1  — •*) 


(«) 


Let  ue  note  tLat  the  ratio doee  not  depend  j 
on  the  absolute  value  of  the  density  of  the  aerosol  layer* 
Thus  the  measurements  made  at  Alma-Ata  [3^  revealed 
in  a  number  of  oases  the  possibility  of  approximating  | 
X  by  eagp>ression  (9);  meanwhile  60%  of  the  atmosphere  over 
Alma-Ata  oonsists  of  dry  aerosols*  On  the  contrary^ 
under  high-mountain  conditions,  where  oondition  (8)  is 
usually  considered  observable,  investigations  [3lj  have 
shown  deviations  from  (6),  namely  ^ 

^2*  Calculations  according  to  (9)»  that  is,  when  the 
layer  of  seleotively  absorbing  aerosols  is  not  taken 
into  consideration,  must  lead  to  incorrect  results.  It 
is  sufficient  to  observe  atA^2oo  s  0*2  cm**^  to  obtain 
en  error  (it  is  not  less  thanA/^z  at  z  -  0*22  cm}  of 
21^*  The  method  of  the  effect  of  anomalous  atmospheric^^ 
transparency  was  utilised  to  evaluate  the  applicability 
of  condition  (8);  with  this  method  one  can  select  obser¬ 
vations  suitable  for  calculation  of  z  without  taking 
aerosol  constituents  into  consideration*  The  anomalous 
atmospheric  transparency  effect  consists  in  that  in  the 
spectral  region  2950-3200  I  at  large  senith  distances  of 
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the  sua  an  laereas#  in  relatlTe  tranaparaney  of  the 
atmosphere  ia  obserred  for  short  warelengtha.  AnaXysia 
of  (4)  ahova  that,  in  the  eaae  of  anomalous  tranapar^icy 
the  ralue  nAO  in  tne  expreaaion  If  “* 

^3125)^mean  ®  *  s  0«22  on  and 4(1^225  =  ^  cm*^, 

the  relatiTe  error  reaches  In  the  same  eases »  vhen 

the  extinction  for  aerosols  d^ends  little  oxi  ^(for 
example,  aeeording  to  the  data  |^38)  for  DelhijfSi  3^00  - 
A 4450  •  10*"^)  •  the  relatiye  error  in  determining  x  does 
not  exceed  5%» 

Unfortunately,  in  a  number  of  works  on  this  question 
the  dispersion  is  assumed  to  be  neutral  in  aerosol b,  which 
is  not  always  true.  Mention  should  be  made  of  a  number 
of  attempts  at  a  more  precise  (quantitative)  calculation 
of  the  aerosol  constituents  (both  constant  and  variable) 
in  ozononetrio  measurements.  Qowan  and  Leppars  [3^ 
suggest  combining  the  correction  for  aerosol  absorption 
A  ^  -Ag  vith  the  distance  of  horizontal  visibility 

(see  Table  2)« 


Oistane*  of  boriaontal 


Tialbility  (la  kB) 


19.3 


9-6-17.7 
4.8- *8*0 
<4«8 


0.005 

0.015 

0.028 


R*  Earandilear  [3^  also  eombines  tbo  oorraetion  for 

aoroaol  absorption  with  the  dlstaaoo  of  boriaontal 

▼Islbilitj.  One  of  the  anthora  [4(^  has  approached 

this  Terj  difficult  problen  in  a  aoneuhat  different  way. 

% 

Applying  object  ire  photoaetric  aethoda  of  measuring 
atmospheric  traneparency  in  the  3100-3300  t  region  of 
the  apectruB.  he  obtained  absolute  Talues  of A 
▼ery  •.'^proximate  eatimate  of  the  aeroa»l  conatituents 
was  giren  later  [4^ ,  using  the  method  explained  in  [4^  . 

Apart  from  the  influence  of  the  A  ooeffioient  the 
precision  of  calculation  of  x  according  to  (4)  and  (5) 
is  determined  by  the  following  valueat  the  light  dis¬ 
persion  id.thiB  the  instrument  and  thi  so-called  "filter 
error";  the  latter  is  brought  about  by  change  ine^ 
within  the  effective  band  of  sensitivity  of  the  photo- 
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Our  oaleulatione  show  that  a  single  dispersion  of 
light  vlthln  the  solid  angle  of  the  OPET-3  for  mean 
heights  of  the  sun  gives  a  eorreotion  not  exceeding  0*3^ 
of  the  value  of  x*  It  has  been  fotmd  experimentally 

that  at  Zq  s  75^  the  Intensity  of  light  dispersion 
(As  3260  t)  In  direct  proximity  to  the  sun  (-50*  ^ 

£  >  50';  ■  0  corresponds  to  the  center  of  the  disk) 

Is  2*5  orders  less  than  the  direct  light  of  the  sun 
(Sl'brus)*  For  Alma-Ata  (vlth  great  dustiness)  the 
rsaxlmxm  ratio  of  brightness  of  the  sky  near  the  sun  end 
brightness  of  the  disk  reaches  not  more  than  4-4.55  |35] 
(see  also  Opt Ik,  ^2,  ^  1947)*  Thus  the  light  dispersion 
within  the  solid  angle  of  the  OFET-3  (3-4®)  can  be 
neglected  in  calculating  the  veJ.ue  of  x« 

A  more  precise  processing  of  the  observrtlons  made 
with  any  ozonometrlc  Instrument,  and  partlculrrly  with 
the  OFET-3,  requires  taking  Into  consideration  the  effect 
of  the  temperature  on  the  absorption  coefficient  of  ozone. 
The  basic  difficulty  In  doing  this  Is  in  correctly  cal¬ 
culating  the  dependence  of  qC\  on  temperature  and  choosing 
the  ^ 

calculated  temperature  itself.  At  the  present  time  the 
most  reliable  laboratory  data  appear  to  be  those  of 
Vlgoroiix  N  ,  based  on  Investigation  of  the  absorption 
coefficient  of  ozone  at  various  temperatures. 


The  temperature  of  the  osone  layer*  %^ch  differe* 
generally  speaking*  from  the  temperature  of  the  strato¬ 
sphere*  dej^ends*  apart  from  other  factors*  in  the  con¬ 
centration  of  the  gas*  It  has  been  shown  |^3,  44*  4^ 
that  in  the  middle  latitudes  the  temperature  of  ozone 
fluctuates  within  the  limits  of  -25  to  -50®C.  At  the 
seme  time  the  axmual  course  of  the  average  temperature 
of  the  stratosphere  In  the  region  of  maxlmua  concentra¬ 
tion  of  ozone  (20-30  km)  and  at  heights  (12-18  km) 
which  evidently  are  responsible  for  nonperiodic  changes 
in  the  density  of  the  ozone  la  such  that  In  the 

summer  It  varies  from  -65®C  at  a  height  of  13-15  km 
to  -40®C  at  30  km;  In  winter  the  temperature  in  the 
15-30  km  layer  Is  approximately  the  seme  (about  -55®  C) 
An  incorreot  seleotlon  of  the  value  of  •‘a  ,  all 
other  conditions  being  equal*  leads  to  an  error  in  the 
order  of  10*5  cm  in  the  temperature  range  from  -40  to 
-60®C  and  In  the  order  of  10*^  «n  In  the  density  of  the 
ozone  within  the  limits  of  f  18  to  -60®C  (ihe 

tables  of  Ny  and  Chin  DsJ  were  compiled  for  t  s  18® C. 
They  have  ordinarily  been  used  by  thou  for  calculations 
of  z*  The  estimates  of  error  are  given  for  the  values 
of  X  extreme  temperattires*  taken  fzHxa  Vlgroxix*  after 
comparison  with  the  calculation  using  at  t  «  18®C}* 
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Recent  measurement e  In  West  Germanj  M  testify  that  the  I 
mean  temperature  of  the  layer  of  ozone  Is  closer  in  all 
to  the  t^perature  of  air  at  a  height  of  30  km*  It 
appears  that  the  error  In  the  oalouletlon  of  z  In  the 
final  processing  of  the  lOY  materials  can  be  reduced 
considerably  If  Talues  of  corresponding  to  a  tempera¬ 
ture  of  -44®  C  and  given  In  [4^ •  are  used* 

We  have  already  pointed  out  that  In  ozonometers 
destined  for  a  large  netifroxic  of  stations  the  complex 
optical  system  can  be  replaced  by  a  set  of  light  filters. 
The  advantage  of  light  filters  Is  the  possibility  of 
excltxdlng  long  wavelength  dispersed  light,  comparative 
cheapness  and  adequate  simplicity  In  handling* 

Light  filters  for  ozonometers  should  satisfy  the 
following  requlz^ments: 

1)  separate  oompeuratlvely  narrow  spectral  Intervals 
in  the  regions  of  3100,  3300  and  4000-450o£.  Ihe  trans¬ 
mission  bands  should  have  sharp  enough  limits; 

2)  the  transmission  coefficient  at  the  maximum 
of  the  transmission  curve  shopld  be  not  less  than  0*1- 
0*2%; 

3)  the  filters  should  not  develop  chaxiges  In  spectral 
properties  which  depend  on  external  Influences  such  as 
temperature  and  humidity  or  on  the  length  of  time  they 


thaj  ara  uaad* 


In  laboratory  praotioe  varlona  liquid  light  flltars 
are  vldaly  used  to  aaparata  relatlvaly  narrow 

segment 8  of  the  uli^rawlolet  speotrum  3l]  •  The 
properties  of  liquid  light  filters  depend  strongly  on 
temperature,  which  hampers  their  use  In  osonometry. 

Some  solid  light  filters  of  colored  glass,  for  the  ultra¬ 
violet  |[31,  52]  have  wide  transmission  bands  (^1000  £), 
which  makes  thm  also  unsuitable  for  ozonometers.  Uae 
has  been  made  of  a  combination  of  colored  glass  the  borat 
glass  of  S.  H.  A  ndreev  [33]]  and  metallic  films  In  ozono¬ 
meters  with  light  filters  for  separation  of  spectral 
Intervals  in  the  region  of  3100  and  3300  An  Inter¬ 
ference  light  filter  has  been  used  for  the  separation 
of  bands  In  the  region  4000-4300  S* 

rhe  S.  If.  Andreev  filter  for  the  region  of  3100  S 
has  been  made  according  to  the  following  recipes  Ka^O  - 
30.7^;  BO|^^  -  69«1^;E2C2^4  •"  0*2Jf.  To  exclude  trans¬ 
mission  of  the  filter  In  the  visible  region  of  the 
spectrum,  borate  glass  was  combined  with  UFS-1  glass. 
Since  borate  glasses  are  very  hygroscopic  they  have  been 
covered  with  UFS-1  glass  and  a  film  of  molten  quartz  In 
order  to  protect  th^  from  molstiire. 

Figure  12  presents  transmission  curves  of  the  light 


filters  used  in  the  OFDT-?  osonogr^ph*  Ihe  aeasurements 
were  made  at  t  ■  4*  IS^C* 


Fig.  12.  Transmission  ciirves  of  the  light 
filters  of  the  OFET-8  ozonograph 

Inye  st igat ions  far]  hare  shoun  that  vhen  the  tanp- 
erature  changes  from  +20®  to  -40®  the  transnission  coef¬ 
ficient  C  of  UFS-1  colored  glass  for  the  3100  i.  wavelengt; 
changes  on  the  side  of  inorease  during  oooling  by  2-2*  5%« 
It  is  therefore  necessary  to  take  into  consideration 
the  temperature  dep^denoe  of  the  spectral  transmission 
and  to  introduce  corresponding  corrections  into  the 
results  of  the  measurements*  Since  the  transmission 
bands  of  the  OFBT-3  ozonograph  are  comparatively  broad, 
it  is  impossible  to  consider  sufficiently  constant  as 
a  function  of  the  varelength  in  the  region  of  the 
effective  spectral  sensitivity  of  the  photometer.  The 


latter  clrovmBtajaoes  makes  It  necessary,  in  calculating 
X,  to  use  some  averaged  value  of  3iie  task  of  de¬ 
termining  Ifl  complicated  some'vdiat  if  the  filter 

transmits  emissions  registered  by  the  photometer  outside 
the  operatixig  band  (for  example,  outside  the  region  of 
3100  A  or  3300  t). 

Let  us  consider  briefly  the  method  of  determing  | 

I 

^mean  case  of  the  OFET-3  ozonograph* 

liot  (J(),  the  distribution  of  energy  In  the 

spectrum  of  an  extraterrestrial  light  source  (for  example, 
the  aim);  spectral  characteristics  of 

the  receiver  (the  photoelement  or  photomultiplier); 

U).  the  spectral  transmission  of  the  filter,  and 
^.=^4  <A).  decimal  absorption  coefficient  of  ozone* 
In  a  more  general  case  4;^  (A)  is  the  distribution 

of  energy  in  the  spectrum  of  atny  light  source 
end<^  (X)  is  the  absorption  coefficient  (or  transmission 
coefficient)  of  the  investigated  medium*  Zn  work  with 
filter  electrophotometers  and  in  the  presence  of  sensiti¬ 
vity  of  the  system  only  in  the  transmission  band  of  the 
filter,  the  solution  of  several  optical  problems  is 
possible.  Thus,  for  example,  if  the  optical  density 
of  the  investigated  medium  Is  known  then,  having  an 
assembly  of  narrow-band  filters,  it  is  possible  to 


detenalne  with  known  approximation  the  form  of  tho 
fxmctlon  ♦4  (A)  •  The  effect  of  the  value  of  the  half¬ 
width  of  the  tranamlsaion  band  of  the  filters  on  the 
precision  of  such  determinations  has  been  examined 

In (54,  55J. 

In  the  case  of  an  ozonometer  with  llj^ht  filters, 

where  4>i  (».  4s  (A),  <^3  (A)  and  (A)  are  known,  a 

somewhat  different  problem  arises.  Here  it  is  necessary 

to  detemlne  the  mean  value  for  a  given  quasi- 

^mean 

monochromatic  system. 

Figure  13  presents  curves  of  the  effective  spectral 
sensitivity  of  a  system  with  th©<^j^  and  CFET-3  filters, 


9i  (A)  =» 


£^represents  the  spectral  characteristics  of  the  STbV-6 
photoelanent.  The  data  for  the  sun  were  taken  by  us 
from  a  monograph  .  It  should  be  noted  that  the  value 
for  tho  sun  cannot  be  considered  knoivn  precisely 
enou^,  since  in  the  region  up  to^<  3800  %  the  date  of 
individual  rocket  probes  [57»  58]},  as  well  as  the  reducec 


0/9  (iX  ^  ^  4»  4* 


Fig.  13,  Determination  of  the  mean  value  of  the 
decimal  absorption  of  ozone,  .  1)  effective 

spectral  sensitivitjr  of  the  Amean 
system  using  filter 9 J  effective  spectral  sensi¬ 
tivity  of  the  system  usii^  filter  3),  4)  and  5) 
decimal  absorption  coefficient  of  oizone  #(%  =  <r^(A) . 
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oaloalatlons,  do  not  agree  with  one  another* 

Figure  13  al'Bo  presents  the  course  of  the  fonotion 
^4  (A)  ^or  oaene  (aeeordlng  to  Vlgroux  [4^  for 
the  temperature  -44^C)« 

Graphic  Integration  enahles  us  to  determine  the 
mean  Talue  for  filters  and 


^mean 


jTiWv* 


r»*h)A 


0  /fWA 


For  0FEaV3»  according  to  our  caloulatlonB,|J^jjjg^<^^ 

-  1*09  and  dC.  As  0*20cm“’^* 

-  4mean^s- 

The  described  method  of  processing  the  data  ob¬ 
tained  by  means  of  filter  ozonometers  and  amounting  to 


the  determination  of  dC  azid  subsequent  calculation  c 

>mean 

X  cannot  be  used  with  light  filters  of  too  broad  bands* 
In  the  latter  case,  thanks  to  the  harrow  course  of  the 
energy  distribution  oiirre  in  the  solar  spectrum  measur¬ 
able  on  the  surface  of  the  earth,  the  dtianges  in  inten¬ 
sity  of  the  solar  radiations  can  be  erroneously  taken 


and  subsequent  calculation  of 


for  the  variation  In  the  atmoaiherle  ozone*  Ve  recfxsunend 
Investigation  of  light  filters  with  a  band  width  not 
exceeding  100-150 

A  somewhat  different  method  of  processing  can  be 

accomplished  by  substitution  of  A  for  ,  repre- 

^•1  A  mean 

senting  the  absoz^tion  ooeffiolent  of  ozone  corresponding 
to  the  maximum  of  the  curve  of  the  effective  spectral 
sensitivity  of  the  syst^a  (  A.  L*  Osherovicu,  L* 

G*  Bol'shakova  and  Z*  V.  Peisakhson*  Report  to  the 
Second  conference  on  Atmospheric  Ozone  {jn  RussiarTf  , 
MOSCOW,  1959) « 

The  validity  of  using  a  filter  electropbotometer 
for  ozonometrio  purposes  has  be^  checked  by  direct 
measurements*  These  were  made  [13]  at  80®^ 
with  a  filter  photometer  3200  X)  and  in  parallel 

with  a  spectrophotometer  with  a  photomultiplier.  A 
quartz  monochrom&tor  with  double  resolution  was  used  In 
the  spectrox^hotometer;  this  permitted  sex>arating  the 
spectral  interval  s  15  X  "Uie  region  of  ^200  X* 

The  results  of  single  measurements  are  given  in 
Figure  14.  Testing  of  the  correctness  of  the  values 
obtained  for  ^  in  the  region  where  0^ :  0  has  been  done 
with  a  glass  monochrcHQator,  model  MS-3.  The  disk 
of  the  sun  was  projected  with  a  lens  on  the  input  slit  of 


the  monoohronator.  Measurement  a  were  made  at  a  wave¬ 
length  of  4000  J  (for  a  filter  with  A  of  4000  A).  The 

max 

data  of  the  comptratlve  observations  for  II*  <38° 
are  presented  In  Figure  15*  Control  measurements  have 
also  been  made  with  the  Dobson  spectrophotometer.  (The 
measurements  were  made  by  the  A.  I.  Voyelkov  Main  (Geo¬ 
physical  Observatory  for  "linkages'*  of  the  0IT:t-3  ozono- 
graph  distributed  to  the  netv/ork  of  ozonometrlc  stations 
of  the  USSR  to  the  Dobson  Instrument  acting  as  a  control , 
since  a  more  precise  instrument  had  not  been  built  at 
that  time).  It  constituted  a  generalized  experiment 
capable  to  a  certain  extent  of  evaluating  the  absolute 
characteristics  of  the  OFET-3* 

The  results  of  comparative  measurements  with  the 
Dobson  (K30  spectrophotometer  £uid  OFET-3  Instrument  No. 

9  are  gi'^en  in  Table  3$  calculated  with  values  of 
according  to  Vlgroux  B2]. 

It  shoijld  be  noted  that  the  data  of  the  table  do 
not  take  Into  consideration  probable  errors  in  the 
readings  of  the  Dobson  QQO  spectrophotometer,  especially 
at  small  heights  of  the  sun. 

The  transmission  of  filters  and  in  the  region 
of  6800-7600  ^  also  oan  be  the  reason  for  a  certain 


observable  deviation  between  the  z*eadlngs  of  the  Dobson 


Fig:,  14,  Comparison  of  the  quartz  spec trophoto 
neter  (1)  with  the  filter  ozonometer  (5), 


Fig,  15,  Conr»arison  of  the  filter  ozonometer  (1) 
with  a  glass  spectrophotometer  (.9.)  in  the  region. 

=  4000  A, 
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Table  3.  Results  of  the  comparison  of  ocononeters 
1)  time;  ?-)  hours;  3)  minutes;  4)  height  of  sun;  3)  Dob 
son  spectrophotometer;  6)0FST-3;  7)  Dlverj^'ence  (In  7c) , 


speotrophotOM^tar  and  OFKT-3*  Although  tho  spectral 
sensivlty  of  the  ant Imony-ce slum  photoeleiiettt  in  the 
region  of  6800-7600  A  is  rather  small  (see  Figure  6), 
neTerthsless  the  tplloiflng  measurements  were  made  for  a 
more  careful  cheeking*  Glass  of  type  Zh8->17  was 
coated  on  filter  A  registration  of  solar  emission 
was  made  both  with  filter^  and  with  filter f  ZhS-17 
glass*  A  semple  of  the  record  is  given  in  Figure  16« 

The  recording  in  Fig,  36  shows  that  tho  effective 
sensitivity  of  the  ozonograph  with  filter  in  the 
region  of  6800-7600  i  is  practically  equal  to  zero. 

An  analogo\i8  method  (measurements  with  an  additional 
filter)  can  be  used  if  the  need  arises  to  take  into 
consideration  the  transmission  of  the  basic  filter 
outside  its  operating  band* 

The  precision  of  the  determination  of  x  with  the  use 

of  filter  photometers  can  be  increased  considerably  on 

account  of  the  improved  spectral  characteristics  of 

tho  receivers  and  filters*  The  design  of  the  OPET-3 

permits  replacement  of  the  photomultipliers,  photoele- 

msQts  and  filters  when  necessary* 

^  interference 

The  dielectrlo/light  filters  developed  by  T.  K. 
Krylova  and  R.  S.  Sokolova  [5^  can  be  used  success¬ 
fully  for  purposes  of  ozonometry,  and  also  the  narrow- 


axme 


Fig,  16,  Specimen  of  recording  of  the  effective  sensi¬ 
tivity  of  the  OFET-3  ozonograph  using  filter  No.  1 
(Andreev)  and  filter  No,  1  +  ZhS-17  glass.  I.  ,  1. 

are  the  intensities  of  radiation  in  relative  units 
with  the  use  of  light  filters^  ,  ^  and  res¬ 
pectively,  12  3 

1)  Camera  shutter- closed  2)  Camera  abutter  open  3)  Andreev  filter 
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band  lisht  filters  of  F.  A.  Bbrolev  .  Zn  combi¬ 
nation  vith  colored  glaae  aueh  light  filters  enable  one 
to  aepaz^te  comparatively  narrow  segments  of  the  spectrum 
in  the  ultraviolet.  Figure  17  presents  the  trensmlssion 

curves  of  two  combined  filters  [5^  for  the  region  of 
o  o 

3080  A  and  3300  A,  Intended  for  ozonographs. 


I-ig,  17,  Transmission  curves  of  dielectric  inter¬ 
ference  light  filters  for  the  regions  3080  and 
3300  A,  I)  Ko,  905  +  UFS-2  (3  mm)  with  light  separ¬ 
ator;  7.1)  No,  937  +  UFS-1  (5  mm)  +  light  seoaratcr 
+  83-6  (?  mm), 

'*ne  development  of  film  i>olarlzerB  for  the  ultra¬ 
violet  [sil  pemlts  neJelng  a  polarization  filter  M 

o  o 

for  the  region  3080  A  and  3300  A  .  Pnese  filters,  with 
a  transmission  band  of  IS^SO  A  and  a  maximum  trcuismiasion 
coefficient  of  3-4^  can  also  be  successfully  used  for 
pxxrposes  of  ozonometry  end  of  certain  problems  in  the 
investigation  of  ultraviolet  emission  of  the  sun.  Ac¬ 
cording  to  the  calculations  of  S.  B*  Ioffe,  made  at  our 


request,  polarisation  filters  vith  a  diameter  of  20  mm 
and  density  of  30  mm  and  of  the  required  parameters  are 
technically  feasible. 

Ve  have  used  photoelements  and  photomultipliers 

with  antimony-cesium  photocathodes  [4,  12,  13>  14]  • 

The  use  of  photocathodes  in  which  the  red  limit  of  the 

photoeffect  lies  in  a  shorter  w|ive  region  of  the  spectrum 

than  in  antimony-cesium  photocathodas  does  simplify, 

however,  the  problem  of  selecting  the  light  filters  needed 

for  ozonometers.  In  this  the  ratio  of  signal  noise  for 

these  receivers  in  the  operating  region  of  the  spectrum 

should  be  comparable  with  the  same  parameter  of  the 

antimony-cesium  photoelement.  For  registration  of 

emissions  in  the  region  of  3100  A  it  is  possible  to  use 

photoelectric  receivers  with  magnesium  photocathodes 

(^63,  6 '4]  in  which  the  red  limit  is  in  the  region  of  3250- 

3300  A.  The  advantage  of  these  photo  cathodes  is  the  low 

thermo  emission  (^10  electron  )•  Titanium 

seo.  cm'^ 

photoelonents  are  also  suitable  for  this  region  of 
the  spectrum  • 

We  have  suooessfully  used  photomultipliers  and 


photoelements  with  E-Na-Li  photocathodas,  in  which  the 
red  limit  of  the  phot oef fact  is  in  the  region  of  5500  Af 


o 

for  measurement  of  radiation  in  the  re?:ion  of  3000-5000  A, 
Figure  18  presents  the  spectral  characteristics  of 
a  magnesivan  photocathode  borrowed  from  res]  and  of  a 


Fig,  10,  Spectral  characteristics  of  the  radia¬ 
tion  receivers  with  Mg  and  K-Ha-Li  photocathodes, 

1)  IC-Ka-Li  photocathode;  9)  Hg  photocathode. 

Conclusion 

1,  The  electrophotometric  ozonometers  and  ozono- 
graphs  described  above  have  been  used  successfully  for 

a  number  of  years  for  the  purpose  of  ozonometric  research, 

2,  T/ays  of  improving  ozonometric  rtpparatus  have 


been  planned:  a)  the  creation  of  narrower-band  light 
filters;  b)  the  use  of  more  selective  photoelectric 
receivers  in  the  ultraviolet  region  of  the  spectrum;  c) 


the  development  of  an  ozonograph  of  an  observatory  type 
with  a  double  monochromator  vrlth  diffraction  gratings  and 
an  electrophotometer  on  the  output. 
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